Background: Left ventricular hypertrophy (LVH) is a common cardiovascular complication and an independent risk factor for cardiovascular death in hemodialysis (HD) patients. Previous studies have shown that fibroblast growth factor 23 (FGF23), which has an important role in phosphate metabolism, is elevated in HD patients. Objectives: The aim of this study was to determine the association of FGF23 and LVH and the prognostic value of serum FGF23 level in HD patients. One hundred seven HD patients were evaluated for LVH by echocardiography. Serum FGF23 levels were measured using a commercial enzyme-linked immunosorbent assay kit. Results: Patients with LVH were more likely to have higher systolic blood pressure (BP) and LVH was significantly associated with female gender and higher serum levels of phosphate and calcium ×phosphate products. LVH was also associated with higher serum FGF23 level. Multivariate analysis indicated that serum FGF23 level, systolic BP, and serum phosphate level remained correlated with LVH. This suggested that serum FGF23 level is independently associated with LVH in our HD patients. Cox analysis indicated no significant difference in risk of death for patients with elevated serum FGF23 level. Conclusion: LVH has a high prevalence in HD patients, and FGF23 is independently associated with LVH but is not a predictor for prognosis during a 4-year follow-up period.
Introduction
Cardiovascular disease is common in end-stage renal disease (ESRD) patients and the majority of deaths in hemodialysis (HD) patients are cardiovascular deaths, followed by infection and stroke in Japan [1] . Left ventricular hypertrophy (LVH) is one of the most common cardiovascular complications in HD patients [2] [3] . Moreover, LVH is an independent risk factor for cardiovascular death in patients who have received maintenance HD therapy [4] [5] .
The pathogenic factors involved in LVH have generally been divided into three categories [6] : 1) afterload related such as hypertension and arterial calcification; 2) preload related including expansion of intravascular volume and large flow arterio-venous fistulas; and 3) neither after load nor preload related. However, aggressive control of blood pressure (BP) and anemia does not prevent LVH in HD patients [7] . Thus, it seems likely that other factors play a role in the initiation and progression of LVH in HD patients.
Hyperphosphatemia is common in HD patients [8] and control of serum phosphate level correlates with a reduction in left ventricle mass index (LVMI) in these patients [7] . It has been suggested that a novel mechanism may be responsible for the association of elevated serum phosphate and LVH and the subsequent deleterious effects on cardiovascular outcomes among HD patients. However, the exact mechanism is still unknown.
The phosphatonins, such as fibroblast growth factor 23 (FGF23), may act on multiple organs in autocrine, paracrine, and endocrine modes to regulate phosphate metabolism [9] . FGF23 decreases blood phosphate concentrations by directly reducing renal phosphate reabsorption and by suppressing 1α-25(OH) 2 D formation through the inhibition of 1α-hydroxylase [10] . Moreover, FGF23 is one of the major phosphatonins and is elevated in chronic HD patients [11] .
The previous studies suggest that elevation of serum FGF23 levels may be related to the development of LVH and clinical outcome for HD patients. The aim of the present study was to evaluate the association between serum FGF23 level and LVH and clinical outcome in HD patients.
Methods

Study Design and Population
This is an observational and prospective cohort study. The subjects of this study were treated in the dialysis center of Towa Hospital (Tokyo, Japan). Each patient underwent HD three times weekly (4 hours/day). Blood pressures (BP) were measured with a mercury sphygmomanometer with the patient in the supine position after 10 to 15 minutes of rest, and mean values for 1 month at enrollment were used for the analysis. This study was in compliance with the Declaration of Helsinki and was approved by the Institutional Review Board of Towa Hospital. All subjects gave their informed consent.
This dialysis center has 120 chronic HD patients who are on regular dialysis for more than 6 months. A total of 107 outpatients were randomly selected for participation by creation of a randomized list. All subjects were 20 to 80 years old, were on chronic HD for more than 6 months, and received standardized HD prescriptions (500 mL/min dialysate flow; 200 -250 mL/min blood flow; 4 hours dialysis per session; 3 sessions per week). All patients were dialyzed using bicarbonate-containing baths.
Echocardiographic Examination
The echocardiograms were performed on echocardiography equipment, an Vivid S6 (GE Healthcare, Tokyo, Japan) ultrasound imager equipped with a 2.2/4.4 MHz (harmonics) phased-array 3S transducer during continuous electrocardiographic recording as previously described [12] . Left ventricular mass (LVM) was calculated according to a formula derived by Devereux and Reichek [13] and indexed for body surface area (BSA) to give LVMI. Patients were considered to have LVH if the LVMI was greater than 134 g/m 2 for men and greater than 110 g/m 2 for women [14] . 
Clinical and Laboratory Data
Clinical data, including age, gender, comorbidities and dialysis vintage were obtained from detailed analysis of medical records and interviews with the patient and the attending physician, when necessary. Before performing each echocardiogram, BP was measured and anthropometric data and ratios were obtained (weight, height, BSA), which were measured according to standard procedures and using suitable materials. The body mass index (BMI) was calculated by dividing weight (kg) by squared height (m). The BSA was obtained using the formula of Dubois and Dubois [15] . All biochemical measurements were performed by a single laboratory, located in Towa Hospital, and data were collected from patients' charts.
We obtained complete laboratory data and dialysis-related data for all patients. Laboratory data included hemoglobin concentration, serum levels of albumin, calcium, phosphate, intact parathyroid hormone (PTH), total cholesterol, HDL-cholesterol, triglyceride, and C-reactive protein (CRP). In addition, urea clearance (Kt/V, calculated by the Daugirdas method), was calculated for assessment of adequacy of dialysis. Hemoglobin, albumin, calcium, phosphate, total cholesterol, HDL-cholesterol, triglyceride, CRP, blood urea nitrogen, and creatinine concentrations were determined with standard autoanalyzer. Serum calcium levels were adjusted using the formula [calcium +(4-albumin)]. Serum intact PTH levels were measured using a commercially available radioimmunoassay kit (Nichol's Institute, San Juan Capistrano, CA, USA). Serum intact FGF23 level was measured using an enzyme-linked immunosorbent assay kit (Kainos Laboratories Inc., Tokyo, Japan) as previously described [16] . The intra-assay and inter-assay variations of FGF23 measurements were 3% and 4% to 6%, respectively. Serum samples for measurement of other laboratory data were collected at the same time.
Patients were considered diabetic if they met the 1997 American Diabetes Association criteria; hypertensive if predialytic systolic BP was greater than 140 mm Hg, diastolic BP was greater than 90 mm Hg, or if they were using any antihypertensive therapy. The presence of coronary heart disease was confirmed by coronary angiography. Stroke was determined by clinical symptoms and computer tomography. Pulse pressure is the difference between systolic and diastolic BPs.
Outcomes
The primary endpoint or cardiovascular mortality was defined by death from cardiovascular causes (including sudden death, myocardial infarction and cerebrovascular accidents). The secondary outcomes included overall mortality. Outcomes were obtained from monthly review of medical documentation, including medical records and death certificates, as well as communication with the physician and patient's relatives. Patients who underwent kidney transplant or who switched dialysis modality were censored in the study.
Statistical Analysis
Continuous variables are expressed as means ±SD and categorical variables as percentages. Two-tailed Student unpaired t test was employed to evaluate the difference between means and a χ 2 test was used to assess the association between or among the categorical parameters. The significant factors (P < 0.1) were then subject to multivariate analysis with stepwise (forward) regression analysis to test for interaction between the different significant covariates. Survival analyses were expressed using the Kaplan-Meier survival curve or the Cox proportional hazard model. Overall patient survival was analyzed by a Cox proportional hazards model to control for covariates. Cox proportional hazards regression models were applied to compare survival in the patients with low-and high-FGF23 level. The models were adjusted for the effect of independent mortality risk factors including age, dialysis vintage, systolic BP, serum phosphate level. The probability of survival free from cardiovascular cause was also analyzed by the Kaplan-Meier survival curve. All statistical analyses were performed with JMP 10.0.1 (SAS Institute, Cary, NC, USA) and a P value < 0.05 was considered statistically significant. Table 1 shows the demographic characteristics and clinical data of all study patients. Mean patient age was 65.5 ± 10.5 years and 69 men (65.0%). The mean dialysis vintage was 14.1 ± 11.5 years. Causes of ESRD were diabetes mellitus in 41 (38.0%) patients and non-diabetes in 66 (62.0%) patients. Approximately, 64% of patients had hypertension. Fifty-three patients (49.5%) had LVH. The serum FGF23 levels of the patients were high, with a mean 18,916 pg/mL (range 71.2 -282987.9 pg/mL). Calcium is corrected as calcium + (4.0-albumin). c Ca × P is the product of calcium and phosphate.
Results
※ P < 0.05, ※※ P < 0.01. BP, blood pressure; LVH, left ventricular hypertrophy; FGF, fibroblast growth factor; PTH, parathyroid hormone; CRP, C-reactive protein.
All patients who received echocardiography were examined for LVH. Patients with LVH were more likely to have higher systolic BP and LVH was significantly associated with female gender and higher serum levels of phosphate and calcium × phosphate products ( Table 1) . LVH was also associated with higher levels of FGF23 (26,836 ± 50,169 pg/mL versus 11,142 ± 18,618 pg/mL, P = 0.030) (Figure 1) . The presence of LVH was not associated with age, dialysis vintage, diabetes mellitus, previous cardiovascular disease, Kt/V, hypercholesterolemia, hemoglobin, serum levels of albumin, CRP, corrected calcium, or intact PTH.
To test for possible interactions between different significant covariates in our initial analysis ( Table 2) , we entered significant association factors (P < 0.1) from this analysis into a multivariate analysis with stepwise regression. In this multivariate analysis, female gender, serum FGF23 level, serum phosphate level, and systolic BP remained associated with LVH. This suggested that serum FGF23 level is independently associated with LVH in our HD patients. Next, we examined the possible prognostic value of serum FGF23 level by following all study patients for 4 years. During this follow-up period, 18 deaths occurred, 6 were because of congestive heart failure, 4 were because of acute myocardial infarction, 4 were because of septic shock, 2 were because of cerebellar infarction, 1 was cerebellar bleeding and 1 was because of pneumonitis.
In view of the wide distribution of serum FGF23 levels in our patients, we divided patients into a high FGF23 group and a low FGF23 group, using the median FGF23 value of 4140 pg/mL as the dividing point. A Cox analysis indicated that the risk of death did not differ significantly between high-and low-FGF23 groups (Figure 2) . The analysis adjusted for age, dialysis vintage, systolic BP, and serum phosphate level (high FGF23 versus low FGF23, hazard ratio: 0.725, 95% CI: 0.237 -2.170, P = 0.564). In addition, Kaplan-Meier survival curve analysis of cardiovascular disease-related death in high-and low-FGF23 patients found no significant difference between these groups (log rank test, P = 0.367) (Figure 3) . 
Discussion
The results of the present study show that serum FGF23 level was independently associated with the presence of LVH and were compatible with those of the previous studies [17] - [21] . Elevated serum FGF23 levels have been reported to be linked to greater risks of mortality in patients with chronic kidney disease [22] [23]. However, we found that elevated serum FGF23 level during the follow-up period of 4 years did not predict outcome. The causality of the association between elevated circulating levels of FGF23 and adverse outcomes remains to be established. LVH develops early during the course of renal impairment and is presumably a consequence of volume and pressure overload [24] . Even when there is control of volume by frequent adjustment of dry weight and aggressive use of antihypertensive agent, LVH still has a high prevalence in HD patients (60% -90%) [25] [26] . Thus, it is likely that other factors play a role in the initiation and progression of LVH in ESRD patients. A previous study showed that aggressive therapy for BP control and anemia by use of conventional HD therapy was associated with high level of LVH, whereas administration of short daily dialysis sessions and correction of elevated serum phosphate level were associated with low levels of LVH [7] .
Poor control of serum phosphate and the calcium-phosphorous product is known to be associated with increased LVM [27] . Previous in vitro studies also showed that high levels of phosphate can induce intracellular changes and changes in cellular phenotype [28] , suggesting that hyperphosphatemia may promote LVH by altering vascular reactivity or by inducing endothelial or vascular smooth muscle phenotypic changes and thereby changes the systemic vascular resistance and endothelial function. These studies show that poor control of mineral metabolism plays a role in the pathogenesis of LVH in HD patients.
The renin-angiotensin system (RAS) plays a central role in increased cardiovascular morbidity and mortality through various effects such as worsened hypertension, baroreceptor dysfunction, sympathetic activation, progression of atherosclerosis, endothelial dysfunction, and LVH [29] . Activation of the RAS by FGF23 could explain the association with LVH, since activated RAS is a known risk factor for pathologic myocardial hypertrophy [30] . It is unclear whether elevated serum FGF23 levels are associated with the RAS activation as a pivotal role of FGF23-induced LVH.
Another possible mechanism directly linking FGF23 to adverse cardiovascular events is its putative effect on inflammation. Inflammation is common in ESRD and it is associated with significantly worse outcomes. Experimental data suggest that FGF23 increases production of inflammatory markers such as lipocalin-2, transforming growth factor-β and tumor necrosis factor-α [31] . Elevated serum FGF23 levels have been found to be associated with inflammatory markers in an observational study [32] .
The limited tissue distribution of Klotho, which is necessary for FGF23 action through FGF receptor, limits the actions of FGF23 to various organs. However, the effects of FGF23 on heart tissue that do not express Klotho could occur by virtue of its suppressing effects on Klotho production, and consequently its lowering of circulating levels of Klotho, which has various metabolic effects [33] . Since myocardial cells do not express Klotho, the experimental study challenges the prevailing paradigm that the effects of FGF23 on the FGF receptor are weak without the concomitant presence of Klotho, even at high concentrations of FGF23 [34] .
LVH is an adaptive response to an increase in cardiac workload that has short-term beneficial effects on cardiac function, but is detrimental in the long term [6] . LVH is a well-known risk factor for mortality of HD patients. Our study showed that elevation of serum FGF23 level is an independent factor for LVH. However, we found no prognostic value for elevated serum FGF23 level during the 4-year follow-up period after adjusting for age, dialysis vintage, systolic BP, and serum phosphate level. Thus, it is likely that the impact of FGF23 on mortality of HD patients may be blunted in the grade of hyperphosphatemia [16] .
One possible explanation is that prognosis of HD patients depends upon a complex interaction of numerous factors. Elevation of FGF23 is associated with the presence of LVH, elevated phosphate, and elevation of product of calcium and phosphate. Vascular calcification, induced by an excess of calcium and phosphate, is a major risk factor that is independently associated with cardiovascular events and death [35] . Scialla et al. have recently shown that FGF23 is not associated with and does not induce arterial calcification [36] . Thus, it is likely that the confounding factor of phosphate and the products of calcium and phosphate may cause FGF23 to have poor prognostic value.
There were several limitations in this study. First, the sample size and the events were small, and despite careful adjustments in our statistical analyses, it was impossible to rule out the residual confounding factors. Second, we measured serum FGF23 level only at one time. The uncertain variation of FGF23 level days to days should be considered. Third, we chose patients who are 100% Japanese. Other races of patients in our study were not included. Fourth, the study follow-up period is limited to detect difference in overall survival and cardiovascular-related death.
In summary, the results of the present study showed a high prevalence of LVH and that elevation of serum FGF23 level is independently associated with LVH, but that FGF23 is not a prognostic factor for the 4-year follow-up period.
